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ANickel-based superalloys are difficult to join with other processes

A Fusion based processes often lead to liquation cracking
A Fusion processes require high level of skill and / or high level of process control

A Limited joining processes are used
A Diffusion bonding
A Plasma arc welding
A GTAW Welding
A FSW/P of high melting point alloys is costly,
however nickel-based superalloys represent

opportunity space for FSW/P
A Existing processes are costly and time consuming
A Nickel-based super alloy products are high value Liquation Cracking of IN-939 Nickel Alloy*

* Kazempour-Liasi et all, Effects of Filler Metals on Heat-
Affected Zone Cracking in IN-939 Superalloy GasTungsten-
Arc Welds, Journal of Materials Engineering and
Performance, 29, 1068-1079 (2020)
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A Limited investigation into FSW/P of nickel-based superalloys

A Order of magnitude or more investigations into FSW/P of steel alloys and other high
melting point materials

A Order of magnitude or more investigations into of FSW/P of aluminum and other lower
melting point materials versus that of other high melting point materials

A Literature review suggested limited
success in FSW/P of nickel-based ,
super alloys .
A Tool wear and failure noted as a e
common issue

A Tensile testing results indicated
potential to achieve failure outside
FSWI/P stirzone is possible

A Lack of commonality in FSW/P efforts

FSP of Haynes 282 at PNNL
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AFSW/P of wrought Haynes 282 Nominal Composition
A Tensile testing Weight %
A Microstructural characterization Nickel: >/ Balance
_ Chromium: 20
V Stirzone Cobalt: 10
V Surrounding area Molybdenum: |8.5
A Characterize elevated temperature capability anum:__ 2
V Effect of high service temperatures on microstructure Iron: 1.5 max.
V Creep Manganese: |0.3 max.
_ . Silicon: 0.15 max.
AFSP of Haynes 282 castings: Healing of defects Carbon: 008
oron: i
AFSWIP of Inconel 617 Haynes 282 Composition
AFSW of dissimilar joint: Haynes 282 to Haynes 233
A Fabricate prototypic part from Haynes 282

A Fabricate tubing from two C-channels




o

racific  FSW of Haynes 282

Northwest
NATIONAL LABORATORY

A Material Condition
A5 mm (0.200) and 9.5 mm (0.3750)
A Solution annealed condition

AWeld Parameters w/ argon shielding
A Travel Speed: 0.42 mm/s (1.0 IPM)
A Temperature Control: 800 to 850AC (1472 to 15624F) FSWIP Setup
A Axial Force: 62 kN (14000 Ibs) A Based on visual quality
A 507 100 RPM (output variable from temperature control)
A MegaStir PCBN Q60 FSW Tools w/ 4 and 6 mm pin length

Example
FS Tool

A Characterization before and after standard 2-step heat tx

A Full solution anneal
A Step 1: 1010AC(1850AF) for 2 hours then air cooled

A Step 2: 788AC(1450AF) for 8 hours then air cooled

Example FSP of Haynes 282




